Introduction: Radon is the second most important cause of lung cancer after smoking. Thus, the determination of indoor radon concentrations in dwellings and workplaces is an important public health concern. The purpose of this research was to measure the concentration of radon gas in residential homes and public places in the city of Shiraz and its relationship with the type and age of the buildings as well as the type of materials used to construct the building (brick, block). We also determined the radon dosages that occupants of the building would receive.
Introduction
Radon is a natural radioactive, odorless, colorless, tasteless gas that is undetectable by the senses. It is chemically inert, and its density is eight times that of air. It is naturally emitted from rocks and soil as a product of the decay of radium 226, which has a half-life of 3.82 days (1, 2). The most important isotope of radon is radon 222, which tends to accumulate in closed spaces and enters the lungs by breathing. It damages the lung tissue after positioning itself in the alveoli and producing alpha particles (3) . In addition, it also exposes the internal parts of the body to the radiation. It may cause emphysema and fibrosis, and it ultimately increases the likelihood of the occurrence of lung cancer (4, 5) . When there is long-term contact with radon, it definitely leads to lung cancer, and the symptoms appear years later (4, 6) . Almost 11% of the lung cancer deaths in smokers and 23% of the lung cancer deaths in non-smokers are attributable to radon (6) . Radon is known to be the second largest factor of lung cancer after smoking, and its role as the first cause of cancer in non-smokers has been proven (7, 8) . In 1988, radon was classified as a human carcinogenic agent by the International Agency for Research on Cancer (IARC) (5, 6) . The cancer risk in areas containing 148 Bq/m 3 radon is almost 1 in 100 (6) . The number of lung cancer cases attributable to radon exposure in the United States was estimated at 21,000 individuals, which is equivalent to 10-15% of lung cancer deaths (9) . Also, the percentage of lung cancer deaths attributable to radon is 7.8% in Canada, 5% in Germany, 8 .3% in Switzerland, and 5-12% in France (6) . The relationship between radon gas and other types of cancer, such as leukemia, melanoma, and stomach cancer, also has been established (10, 11) . The average annual amount of human exposure (effective dose) to all natural radioactive sources is estimated at 2.4 mSv, and about 52% of this exposure is caused by the inhalation of radon gas (2) . The radon concentration in outside air is usually less than 15 Bq/m 3 , and this is due to the high volume and constant motion of the air. It is far higher in closed spaces, such as the indoor air in buildings, which has been reported to be around 37,000 to 111,000 Bq/m 3 (6) . Radon enters the building through floor seams and gaps, walls, and pipelines below the building, fittings' seams, wall pits, concentrated radon in the basement, floor fractures, water and sewage pipes, and the groundwater used in residential buildings (5). The maximum permissible limit of radon concentration in the indoor air recommended by the U.S. Environmental Protection Agency (USEPA) is 148 Bq/m 3 (9), however, the WHO recommends 100 Bq/m 3 as the permissible limit of radon concentration in the indoor air. During a study by WHO in 36 countries, the reference level of radon for the existing buildings was between 200-400 Bq/m 3 (6) . The concentrations of radon gas in the indoor air of residential buildings in Finland (12), Cyprus (13), Russia (14) , Germany (15) , respectively. Based on extensive studies at Ramsar region in Iran, the annual effective dose for an individual was reported as 2.48-71.74 mSv/y, which is much more than the dose received from natural sources (23) . In the only study conducted in Shiraz (2009 Shiraz ( -2010 , the concentration of radon gas in a number of houses was over 200 Bq/m 3 , which requires more investigations of radon gas in this city (24) . Regarding the internal exposure problem and the increasing rates of lung cancer caused by exposure to this radiation, it is important to measure the concentration of radon gas in order to calculate the actual radiation dose received from radon (25) . The purpose of this research was to measure the concentrations of radon gas in residential homes and public places in the City of Shiraz and their relationship with the type of buildings (residential, public place), the age of the buildings (old, newly-built), the type of materials used in constructing the buildings (brick, cement block), floor and place of sampling, the type of flooring used in the building, and also to determine the dosage received from it.
Material and Methods

Research design and setting
This study was a descriptive-analytical and cross-sectional research study that was conducted on buildings' indoor air in the City of Shiraz in 2015. The area is 1480 to 1670 m above sea level, and it is located in southwestern Iran (26) . Its surface area is 1268 km 2 with a population of 1,700,687 (27) . There are 485,910 households in the city. The average annual temperature is 18°C, and the average temperature in July (the hottest month of the year) is 30°C. The average in January (the coldest month of the year) is 5°C (26).
Determination of the sampling locations
The sampled points in this study were determined by the regular spatial sampling method with the use of GIS software. First, the grid was mapped on the City of Shiraz, and divided into 50 cells with each having an area of 25 km 2 , and four points per cell were spotted in each part of the units (based on the consistency of the studied variable). Then, 200 points were selected inside the study area in the City of Shiraz (Figure 1 ). By utilizing this method, an obvious illustration of the changes in the pattern of potential radon emissions based on the measurements of the Page 2499 buildings was obtained (28) . According to the population in the City of Shiraz, one out of every 8,503 people was sampled. In studies that have been done usually every 18 to 39,000 people one home for radon monitor is selected (28) . Fifteen detectors that were delivered to residents were missing when the detectors were collected, so those houses were excluded from the study. Overall, 10 redundant detectors were placed at the desired locations to verify the authenticity of the readings. Sampling from inside the residential buildings (bedroom and living room) was conducted in the winter (29, 30) . Before the sampling was done, questionnaires were used to collect various parameters, such as the type of building, age of the building, the detectors' locations, types of materials, types of flooring and the number of floors where the sampling was done. 
Measurement of the concentration of radon gas
The concentration of radon gas was measured with the Alpha Track method by a solid-state nuclear track detector (SSNTD) (CR-39 film). The alpha particles emitted from the radon gas leave some trails on the detectors, and they were made visible using electrochemical methods so they could be counted under the microscope (22, 31) . All detectors were encoded after placement in the houses and were covered by aluminum foil to prevent external radiation. Next, by visiting the selected homes and buildings and after adequate briefing of the dwellers and gaining their consent and filling the questionnaires, the CR39 detectors were installed at the desirable locations based on the U.S. EPA's Protocol (32) . After collection, the detectors were placed in a water bath that contained 6.25 M NaOH solution at 85 °C for three hours. Then, they were rinsed with distilled water and dried. The alpha particle trails were read by an automatic counter, and the radon gas concentration was determined in Bq/m 3 by the device's software according to the sampling duration and calibration index (31) . The data were analyzed using Excel software, IBM-SPSS version 20 (IBM© Corp., Armonk, NY, USA), descriptive statistics, Kruskal-Wallis, and Mann-Whitney tests. Table 1 shows that the mean and standard deviation (SD) of the concentration of radon gas in the sampled buildings in the City of Shiraz were 50. 15 ). The results of the Mann-Whitney test showed that the concentrations of radon gas in residential homes and public places in the City of Shiraz were different and that their mean difference was statistically significant (p = 0.000). Table 1 indicates that the concentration of radon gas in old buildings in the city of Shiraz was greater than it was in new buildings. The results of the Mann-Whitney Statistical Test indicated that, despite the mean difference of radon gas concentration between the old and new buildings in the city of Shiraz, this difference was not statistically significant (p = 0.131). A possible reason may have been the small number of samples that we obtained. Table 1 indicates that the concentration of radon gas in the bedroom was greater than the concentration in the living room. The results of the Mann-Whitney Statistical Test indicated that the concentrations of radon gas were different between the bedroom and the living room and that their difference was statistically significant (p = 0.001). Table 1 indicates that the mean concentration and SD of radon gas at the ground floor were greater than they were on the second floor and above. The results of the Mann-Whitney Statistical Test showed that the concentration of the radon gas differed depending on the floor that was sampled (i.e., the ground floor and others) and that it was statistically significant (p = 0.05). Table 1 indicates that the average concentration and SD of radon gas in buildings that used blocks and cement were greater than they were in buildings that used brick and cement. The results of the Mann-Whitney Statistical Test showed that the concentrations of radon gas with respect to the type of materials (brick and cement, or block and cement) were not different, and they were not statistically significant (p = 0.525). This means that the type of materials used had no effect on the concentration of radon gas. However, as Table 1 shows, in this study, there were far fewer buildings constructed with block and cement (i.e., 13) than buildings constructed with brick and cement (i.e., 172). Perhaps if the number of samples were greater, the difference in the concentrations might become statistically significant. Table 1 indicates that the maximum concentration of radon gas occurred in the buildings with ceramic flooring. The results of the Kruskal-Wallis Statistical Test indicated that the concentrations of radon gas in homes and public places in the City of Shiraz were different with respect to the type of flooring (mosaic, ceramic, stone) and that the differences were statistically significant (p = 0.038).
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Calculation of the annual effective dose of radon gas in residential houses in the City of Shiraz
According to the results obtained from the mean concentration of radon gas in the residential units, the annual mean dosage (in mSv per year) by the residents in the City of Shiraz due to indoor radon was determined using the UNSCEAR-2000 model ( ) (22) . According to the results obtained, the average annual effective dose of radon gas in residential homes for the residents in the City of Shiraz was 1.45 mSv/y.
Discussion
In recent years, natural exposure to radon gas and its decay products in residential homes has become a global problem and has raised concerns as a result of their negative impact on human health. The average concentration of radon gas in residential homes in the City of Shiraz was 57.6 ± 33.06 Bq/m 3 , and the effective annual dose for an individual was 1.45 mSv/y, which is lower than the permissible threshold. A comparison of the results in the present study and the results of other studies on the measurement of the concentration of radon gas is given in Table 2 . The International Commission on Radiological Protection (ICRP) has suggested an amount of 300 Bq/m 3 (equivalent to 10 mSv per year) as the reference level (34) . Therefore, taking the economic and social conditions into account, the concentration of radon gas should not exceed this figure, and, according to (6) , the average concentration of radon gas in the City of Shiraz was greater than the global average. According to WHO's studies, there is no safe threshold that can eliminate the risk, and the results of the shared analysis of data on radon studies in residential homes in Europe, North America, and China show that the risk of lung cancer increases almost linearly with prolonged radon exposure. The studies show that, when the concentration of radon in the house is nearly 21 Bq/m 3 , the risk of lung cancer for a smoker is about 30 times more than for a non-smoker (6, 25) . Since the results of the present study indicated that 49 out of the 185 households that were studied had at least one person smoking cigarettes, the risk of lung cancer will increase, and it is necessary to educate and inform the people through the responsible organizations in the City of Shiraz. The average concentration of radon gas in this study was less than the average reported by Haddad (24), which was a study conducted in Shiraz between 2009 and 2010 on 131 homes in two consecutive six-month periods. The average concentration of radon gas was reported as 94 ± 52 Bq/m 3 . The difference in the concentration of radon gas was due to the difference between the sampled homes, the number of samples, as well as the sampled floors. In the Haddad study, almost 61% of the samples were taken from the basements and ground floors, and, naturally, these floors contain a higher concentration of radon gas. The U.S. EPA has proposed the permissible threshold of 400 Bq/m 3 for workplace and public places (34) . However, according to the results of the present study, the average concentration of radon gas in all measured samples was lower than this value. The average concentration of this gas reported in various cities were quite different, e.g., Tehran was 68 ± 84, Babolsar was 35 ± 83, Gonabad was 79 ± 3, and Yazd was 137.36 ± 149.5 Bq/m 3 (21, 22) . Comparing the results of this study with the concentration limit of the radon gas proposed by WHO (100 Bq/m 3 ) (6) indicated that the concentrations of radon gas in indoor air for 94.6% of the samples were in the lower range, but 5.4% of the samples taken from the residential homes and public places in the City of Shiraz were in the higher range of the limit set by WHO. Therefore, by boosting the allocations and increasing the level of public awareness concerning the hazards of radon gas, it is recommended that more precise studies be conducted to determine the parameters that influence the penetration of radon gas into the buildings. Therefore, due to the fact that radon gas has been proven to be the second cause of lung cancer around the world, it is necessary to take relevant measures to reduce radon in homes that have radon concentrations higher than the world standard. The results of a study conducted by Molavi in 2010 on 150 apartments in Mashhad showed that, in 94.7% of the apartments, the radon concentration was less than 100 Bq/m 3 , but in 5.3% of the apartments, it was higher than this amount (35). and the effective annual dose was 2.11 mSv, and 2.16% were in the dangerous range in which the average and SD of the radon gas concentration were 192 ± 38.92 Bq/m 3 and the effective annual dose was 4.84 mSv. On average, in the U.S., one out of every 15 residential homes (approximately 6.6% of the total homes) and in some parts of the country, one out of every 3 homes has radon gas concentrations higher than national reference (148 Bq/m 3 )(6). The average annual dose received by every person from natural sources is 2.4 mSv, of which 1.2 mSv corresponds to radon gas alone (2) . According to the results, in 19% of the homes sampled in Shiraz, the average annual dosage was higher than the permissible threshold of radon gas, and it was much lower than the annual individual effective received dose in the Ramsar area, which is 2.48-71.74 mSv (21) . However, it is noteworthy that parts of the city of Ramsar are situated in northern Iran, and they have the highest rate of natural radioactivity in the world as a result of the hot springs that contain radium 226 (31) . The studies by Yousefi et al. (31) and Ranjbar et al. (37) showed that the concentrations of radon gas in nearly 3% of the residential homes in the cities of Gorgan and Rafsanjan were higher than the amount of the proposed U.S. EPA standard. The Danish Ministry of Health has announced that 4.6% of the homes have radon levels in excess of the standard level (38) . In 50% of the American residential homes, the radon concentration is 148 Bq/m 3 (36).
Study of the concentration of radon gas based on the age of the building
The levels of radon in buildings change substantially with the passage of time and the aging of the used materials (22) . The average annual effective doses resulting from the radon gas in old and new buildings in the City of Shiraz were 1.35 and 1.18 mSv per year, respectively. The dose received in the old buildings is higher than the doses received in the new buildings that are attributable to radon gas (1.25 mSv per year). The International Commission of Radiation Protection (ICRP) has proposed a maximum acceptable concentration for the newly-built homes as 100 Bq/m 3 (39) . The concentrations of radon gas in the newly-built buildings in the City of Shiraz were less than the maximum acceptable concentration set by the ICRP. A study by Haddad (22) in the City of Yazd suggested that the concentration of radon gas in old buildings is higher than that in new buildings.
Study of the concentration of radon gas based on the placement of the detector
Measurement of the concentration of radon gas should be made at a point in the building that is regularly used by the residents and located at the lowest level, e.g., bedroom, living room, reception room, or the children's play room (32) . In this study, nearly 60% of the detectors were installed in the bedroom. The results of the present study indicated that the concentration of radon gas in the bedroom was higher than the concentration in the living room. The results of the study by Yousefi et al. (31) in the City of Gorgan showed that the average and SD of the concentration of radon gas in the bedroom were 48.04±40.39 while they were 39.94±35.22 Bq/m 3 in the living room. Also, the results of a study by Denman & Rafigh using Cr-39 detectors in residential homes showed that the concentration of radon gas in the bedroom was higher than the concentration in the living room, which matches the results of the present study (40, 41) .
Study of the concentration of radon gas based on the floor that was sampled
The U.S. EPA has proposed that, for all buildings, the amounts of radon gas must be measured on the floors below the third floor (32) . The results show that the average annual effective doses of radon for residents living on the ground floor and above the first floor in the City of Shiraz were 1.25 and 1.06 mSv per year, respectively. Therefore, the dose received at the ground floor is equal to the dose intake attributable to radon gas (1.25 mSv per year), and it is less than that for floors above the first floor. Radon gas has a density of 9.73 g/l, so it is a heavy gas compared to air, and it tends to move downwards. So, the concentrations of radon gas in the basement and on the ground floor are higher than the concentrations on other floors (39) . Therefore, as one moves to the higher floors, the concentrations of radon gas are reduced significantly, and, consequently, the dosage received by the residents of such buildings are reduced. The reason may be due to the distance from the Earth's surface and the origin of the radon gas (30, 33) . The results of the study by Yousefi et al. (31) showed that the average background doses of radon gas in residential homes for the residents in the City of Gorgan in the buildings with a ground floor, a single floor and over 1 floor, were 1.1, 0.99, and 0.34 mSv/y respectively. The results of a study by Haddadi in the city of Tabriz indicated that the concentration of radon gas in the basement was 48 ± 40, on the first floor it was 44 ± 20, on the second floor it was 43±28, while on the third floor it was 25 ± 12 Bq/m 3 . The amount of gas in the indoor air of the homes located on the third floor is significantly different than the amount in the basement of the building. The basement of the buildings contained the highest concentration of the gas (39).
Study of the concentration of radon gas based on the construction materials
People inside their homes are protected from too much radiation of radioactive materials that are emitted from the outside environment.But the construction materials are an important source of radon inside these places, and, among them, the materials that were extracted from the Earth are the most important (23, 42) . The annual effective dosages in homes that were built with bricks and cement or with blocks and cement were 1.25 and 1.45 mSv/y, respectively. Therefore, the dosage received from buildings that used block and cement was more than the dose attributable to radon gas. The construction materials, such as sand, rock, and wood, contain of radionuclides including particularly Ra-226, Th-232 and K-40. Among construction materials, concrete has the highest potential for releasing radon. Therefore, the dose radiated to people residing in the buildings has been increased rather than decreased (42) . The building materials, when compared with the soil and underground water, are considered small sources of radon gas unless they show high concentrations of radium. Overall, the building materials can increase the rate of radon gas emission by 30-50% (6) . The results of the study by Haddadi in the City of Tabriz indicated that the concentration of radon gas in concrete buildings was 16 ± 25, in brick buildings it was 29 ± 16, while, in clay building materials, it was 70 ± 40 Bq/m 3 (39) . Compared to concrete, bricks emit less radon (6) . Due to the heavy weight of materials used in the construction of buildings, particularly for materials containing high levels of radium, the amount of radon gas emissions relative to the soil is of secondary importance. Although the concentration of radium 226 in various materials, such as tile, cement, concrete, and brick, is in the range of 200 -100 Bq/kg, there is very little impact on increasing the concentration of radon in the indoor air because the amount of radon 222 is very low. Also, despite the low radium concentrations in wood (~1 Bq/kg), any radon in it easily can be emitted because of the existence of so many pores (6).
4.6.
Study of the concentration of radon gas in residential homes and public places in the city of Shiraz based on the type of flooring Table 1 indicates that the concentration of radon gas in the buildings with ceramic flooring had the maximum value compared to other types of flooring. The results of a study by Majed et al. (43) showed that the materials used in the manufacture of ceramic materials are the main sources of radon in closed spaces. The radon emissions of the industrial ceramics manufactured in 13 Egyptian plants were 668 ± 68 Bq/m 
Conclusions
The average concentration of radon gas in residential homes in the City of Shiraz was 57.6 ± 33.06 Bq/m 3 , and the effective annual dosage an individual received was 1.45 mSv/y, which was lower than the permissible threshold. The average concentration of radon gas in the City of Shiraz was higher than the global average. It is necessary to increase the level of public awareness concerning the hazards of radon gas. Also, for the new buildings in Shiraz, the construction authorities should use reasonable approaches to minimize the presence of radon, such as building insulation, installation of ventilation systems, and the use of materials with low radon emissions. It is necessary to conduct further studies in the field of regional geology, and the sources that release radon in these areas should be accurately identified to minimize the amount of exposure of the residents.
